Introduction
John Conrad Jaeger was b o rn in Sydney on 30 July 1907. H e lived m ost of his life in A ustralia and died in C an b erra on 15 M ay 1979 at the age of 71. H e had been a Fellow of the A ustralian A cadem y of Science since 1954, being am ong the group first elected after the foundation of the A cadem y. H e was a m em b er of C ouncil of the A cadem y in 1957-59 and V ice-P resident 1958-59. H is career was a full one and his interests diverse. H ow ever, he was a reticen t person in m any respects, especially in regard to his personal life and background. T h erefo re, w hile the follow ing account will attem p t to presen t the m ain features of his life, work and personality, some aspects will necessarily be m ore sketchy than others.
Family background
T h e Jaeger parental line appears to have originated in G erm any. John Jaeg er's father, Carl Jaeger, was b orn in F ran k fu rt-am -M ain in 1869 or 1870; one account says th at C a rl's paren ts were visiting relatives in G erm any at the tim e. It is not clear w here C arl Jaeger grew up b u t as a young m an he lived in S outh A frica and fought in the Boer w ar on the B ritish side. Also it was in Jo h an n esb u rg th at he m arried C hristine L ouisa Sladden on 7 N ovem ber 1905. C arl and C h ristine Louisa then m oved to Sydney w here C arl set up as a cigar m an u factu rer. I have very little inform ation on C arl Jaeg er's later life. John Jaeger rarely m entioned his father. H ow ever, I have been told of his giving recollections of his fa th e r's cigar factory and of the sight of girls rolling cigars on th eir thighs.
John Jaeg er's m o th er and her family figured m uch m ore p ro m inently in his early life and su b seq u en t family contacts. H is m aternal g ran d fath er was John Spiers Sladden, w ho cam e from a K entish family; he ran a private school in S to ck to n -o n -T ees, C ounty D u rh am , and m arried M argaret H annah M artin of th at tow n. T h ey had nine children, of w hom 163 John Jaeger's m other, C hristine Louisa, was the seventh, b orn in 1869 or 1870. T h e first three children were A rth u r, Frank and H arry, all of w hom becam e engineers. A rth u r Sladden rem ained in C ounty D u rh am , living in N orto n -o n -T ees. John Jaeger spent m any holidays in A rth u r's household during his tim e in C am bridge. M iss M argaret Sladden, the second of A rth u r's eight children, born in 1896 and still living in the district, has generously given me m uch of the inform ation about the Sladden family recorded here. A rth u r's b ro th er, H arry Sladden, w ent to S outh Africa around 1898 and was m anager of one of the earliest gold m ines in Johan n esb u rg before 1900, after w hich he started the firm of Sladden and M ilne, engineers and im porters. H is sister C hristine Louisa is said to have gone to S outh Africa for reasons of health, and it was presum ably there th at she first m et Carl Jaeger w hom she m arried. Also Carl Jaeger's sister, Elizabeth, described by M argaret Sladden as the m ost handsom e w om an she ever m et, m arried H arry Sladden, thus m aking a double alliance betw een the two families. A lthough the latter m arriage was later dissolved, it had as issue a d aughter, D oris Sladden, John Jaeger's cousin. She m arried W. W. G allie, who took over control of the Sladden and M ilne firm after H arry S lad d en 's death in 1940, and she was frequently visited by John Jaeger in Jo h an n esb u rg in later years. He is said to have felt very close to her, regarding her alm ost as a sister. T h u s it is seen that the S outh A frican connection was an im p o rtan t one in John Jaeger's life, as well as the connection w ith his m o th e r's fam ily in the S tockton-on-T ees district.
Early life and schooling; S ydney U niversity
John Jaeger was an only child. H is parents were bo th aged 37 w hen he was born and one im agines m uch attention being lavished on him in his childhood. It is said th at even in later years his m o th er fussed over him a great deal w hen he visited her. L ittle is know n about the hom e environm ent of his childhood although it seems to have been a cu ltured one. T h e young Jaeger was at th at tim e know n as C onrad, a nam e which his m other retained for him th ro u g h o u t her life although in later years he becam e know n generally as John, or som etim es as Jack, except that to m ost of his ju n io r colleagues he was 'T h e P ro f'. (Also the G erm an pronunciation of the surnam e was used in his youth, including his undergraduate years in Sydney, b u t after retu rn in g from C am bridge he insisted on the English pronunciation.)
In 1912, w hen he was five, John was taken by his parents on a visit to England w here they stayed for some tim e w ith the Sladden relatives. M argaret Sladden has w ritten the following recollection of John at this time:
'He was an exceptionally b rig h t youngster. At the age of five he was interested in any engine; m any he knew by nam e. M y father, A rth u r S ladden, was secretary of th e S o u th D u rh am Steel and Iro n W orks; w hen he realized how in terested Jo h n was in the W orks and engines he gave him one of the S o u th D u rh a m Steel and Iro n W orks A nnual rep o rts, w ith m any ph o to s as well as all th e details. T h e y oungster could read and u n d erstan d a great deal of w hat he read and asked the m ost intelligent questions. H e knew the various p arts of the engines and w here they should be p laced .' [And of J o h n 's p aren ts at this tim e:] 'J o h n 's m o th er was charm ing, like all m y fa th e r's sisters and b ro th e rs well versed in the classics, G reek and L atin . I rem em b er her well w hen they all cam e over to E ngland in 1912. She was artistic and full of fun. So was uncle Carl Jaeger, a handsom e m a n .' W h en Jo h n was b o rn his p aren ts w ere living in the in n er w estern su b u rb of S tanm ore in S ydney b u t they seem to have soon m oved to the n o rth e rn su b u rb s w here Jo h n sp en t his form ative school years (his m o th er lived in C hatsw ood in later years). H e was evidently a very precocious stu d en t, taking his Q ualifying C ertificate at A ltham College, W ahroonga, in 1917 at the age of 10, and his In term ed iate C ertificate at W ahroonga G ram m a r School in 1919 at the age of 12. A fter an o th er year, he entered Sydney C h u rch of E ngland G ram m a r School in F eb ru ary 1921 on a scholarship and spent th ree years there, w here he is recalled as 'a very d istinguished sch o lar'. H e was dux of the school in 1923 and d u rin g his period th ere gained an ex trao rd in ary n u m b e r of prizes in subjects ranging from m echanical draw ing, th ro u g h English, m a th em a t ics and physics, to divinity. T h e p resen t h ead m aster of S .C .E .G .S . w rites th a t 'apparently he was n ot a top class gam es player or the R egistrar w ould have recorded his prow ess in this area'. T o m y know ledge, he was never m uch interested in organized sport b u t his very early interests in engineering m entio n ed previously seem to have persisted d u rin g his schooldays. In the fam ily collection th ere are p h o to g rap h s dated S ep tem ber 1923 of the erection of a w ireless m ast, indicating an in terest in the early days of radio, and in his private study in later years he had a m odel steam engine w hich I believe he m ade him self in his youth; th ere is also a 1923 ph o to g rap h of him in uniform , w ith a rifle, suggesting th at he belonged to a school cadet corps.
In 1924, at the age of 16, John Jaeger en tered Sydney LIniversity w here he was to have a brillian t record. H e was enrolled in the F aculty of E ngineering d u rin g 1924 and 1925, achieving high distinctions in m ost of his subjects and being aw arded the principal prizes and scholarships in physics and m athem atics, including the B arker S cholarship No. 1 for M athem atics II. In 1926, he changed to the Faculty of Science, probably already as a result of the influence of P rofessor H . S. Carslaw , the professor of m athem atics, who subsequently played an im p o rtan t role in his life. H e continued his studies in m athem atics and physics for another tw o years, being aw arded first class h o nours and the U niversity M edal in M athem atics in 1926 and first class honours and the U niversity M edal in Physics in 1927, jo in tly for w hich the degree of B achelor of Science was conferred on him in A pril 1928. H e was also aw arded the Barker G raduate Scholarship w hich was to take him to C am bridge. In the course of his studies in physics, he carried out experim ental research u n d er Professor V. A. Bailey on the m otion of electrons in pentane w hich led to his first publication (1). He also d em onstrated in physics in the latter p art of his period at Sydney U niversity; a stu d en t of th at tim e, D r G erm aine A. Joplin, rem em bers him as tall, slim and 'terrib ly shy', especially w ith the wom en students.
T he Cambridge years
Jaeger, now 21, travelled to E ngland in 1928 for fu rth er m athem atical studies at C am bridge U niversity, w here he entered T rin ity College. In C am bridge he studied for two years for the M athem atical T rip o s. In M ichaelm as T e rm 1928 he was listed at T rin ity College as a 'D om inion and Colonial E x h ib itio n er' b u t in 1929 he was elected to a Senior Scholarship and was aw arded a W alker Prize in 1930. H e com pleted P art II of the M athem atical T rip o s in 1930, being listed as W rangler (Class I) w ith special distinction in subjects in Schedule B (b #) and aw arded the M ayhew prize for proficiency in applied m athem atics. T h e b* evidently gave Carslaw great satisfaction because several contem poraries have m entioned to me his elation in Sydney on receiving the news of it.
A fter his T rip o s success, Jaeger stayed on in C am bridge to do research in theoretical physics, although at some tim e in the year following his com pletion of the T rip o s he is said to have had a visit back to A ustralia. In 1931 he was elected to a Research Scholarship at T rin ity College. In 1933 he was a candidate for a Research Fellow ship at T rin ity College b u t was unsuccessful, losing to S. C handrasekhar, the celebrated astro p h y si cist. Jaeger never took out a P h .D . degree, although the com petition for the Research Fellow ship required the subm ission of a thesis describing original research. H e took out an M .A . in 1934 b u t in C am bridge this does not require fu rth er academic exam inations.
Jaeger's research at this tim e, u n d er R. H. Fow ler, seems to have been m ainly on the theory of m etals, in particular the photoelectric effect, b u t he was also involved w ith research on the propagation of electrom agnetic waves in ionized m edia and on circuit theory. It was evidently, on the whole, rather unsuccessful. In references, Fow ler speculates th at there was a 'lack of d riv e' or possibly 'bad luck' and Carslaw that 'he has perhaps suffered by the eagerness w ith w hich he has followed m odern work in m any fields'. H owever, Jaeger stayed on and his last two years in C am bridge, 1934 and 1935, u nder grants from the Royal Society and D .S .I.R ., were m ore successful. Fow ler describes him as then having been 'm ost industrious and ch eerfu l'. He worked in p art as an assistant to F ow ler b u t also to som e extent in d ep en d en tly and in collaboration w ith H . R. H ulm e, and a n u m b e r of pu b licatio n s resulted on interactions am ongst electrons and p o sitro n s (2-5). F ow ler describes the w ork as 'co m p u tin g w ork of a n atu re far rem oved from " ro u tin e " [which] could only be u n d ertak en by an accom plished m athem atician . . . able to face laborious calculations w ith e q u a n im ity '.
In describing his C am b rid g e w ork w hen seeking ap p o in tm en t in the U n iv ersity of T asm an ia, Jaeger w rote th at, w hile his research th ere had been alm ost entirely in q u a n tu m m echanics, he had also read extensively in b o th p u re and applied m athem atics, in the latter chiefly in h y d ro dynam ics and elasticity and in the fo rm er in differential and integral equation theory, analysis and the th eory of Bessel and general h y pergeo m etric functions. H e po in ted out th a t it was in the application of these branches of p u re m athem atics to problem s of applied m athem atics th at his chief interest lay. H e had already acted as a supervisor in m athem atics at E m m anuel College for th ree years from about 1931 to 1934 w hich w ould have helped to sustain these m athem atical interests. R egarding his m ore general interests at this tim e I have very little inform ation. O ne co n tem p o rary , Sir M ark O lip h an t, rem em bers him as a 'lo n e r' and another, D r E. G . Bowen, as 'very sh y ', although he was know n am ong the C am b rid g e -L o n d o n A ustralian fratern ity in the early 1930s. H e seem s to have had an interest in archaeology, including that of the S u tto n H oo burial ship. T h e re also exists a lengthy description, in his hand, of a jo u rn ey in the M iddle East w hich encom passed such places as B aghdad, D am ascus, A leppo and Istan b u l, as well as B ulgaria and Y ugoslavia; and he m ade o th er visits to E urope. In later years he m entioned from tim e to tim e his vacation visits to his m o th e r's relatives in S to ck to n -o n -T ees, w hich he enjoyed very m uch d u rin g his C am bridge years; thus I have heard him speak of old custom s surviving in th at p art of the country, such as beer for breakfast, and he obviously found the family en v iro n m en t congenial.
F irst marriage
Before leaving E ngland for the T asm an ian post, Jaeger was m arried to Sylvia Percival Rees. T h e m arriage took place in St J o h n 's C h u rch , N o ttin g H ill, L ondo n on 23 D ecem ber 1935 and the new ly-w ed couple left the same day for A ustralia. S ylvia's address was given as a L ondon one b u t it has been suggested th at she originally came from the n o rth of E ngland. T h e m arriage did not tu rn out to be very successful in the long term and it is now difficult to learn m uch about it. Jaeger is recalled by one acquaintance as having said of Sylvia th at she 'insisted on m arry in g ' him and as having rem arked th at he 'm arried her in a peasoup fog; it was a great m istake'. T o my know ledge Jaeger never spoke about his first wife in later years and some of his C an b erra colleagues were unaw are of the earlier m arriage. He did not even list it in his W ho's Who in A ustralia entry, although it was listed later in the B ritish Who's Who. T h e re seem to have been no children of the m arriage.
Early acquaintances in H o b art rem em ber Sylvia as being 'very n ice' and 'very p re tty ' b u t 'of a different w o rld ' and 'out of place in academ ic circles', 'm ore interested in ballroom dan cin g '. It is recalled th at she kept a dog (Jaeger's passion was for cats). She lived w ith Jaeger for a tim e in H obart b u t seems to have retu rn ed to England some tim e in the later 1930s, com ing back to T asm ania again w hen W orld W ar II broke out. It is not clear w here she lived d u rin g the w ar but, ju d g in g from rem arks in C arslaw 's letters to Jaeger about 'the Lady Sylvia', she was involved in the Land A rm y in T asm ania and later lived for some tim e w ith Jaeger in Sydney during his period there in the w artim e. She evidently retu rn ed to England again after the w ar and divorce proceedings were com pleted in 1950 following Jaeg er's study leave in E ngland in 1949.
T asmania
In A ugust 1935, Jaeger applied for a post as lecturer in m athem atics at the U niversity of T asm ania. H is m athem atical interests m otivating this step have already been m entioned b u t it w ould seem also to have been influenced by the attraction of 'Tasmania itself. He had had a three-day sojourn in H ob art while en route to E ngland in 1928 and, as he w rote w hen accepting the ap pointm ent, he had th o u g h t it 'one of the m ost delightful places in A u stralia'. In choosing to go to such a small university there may also have been an elem ent of reaction to his C am bridge experience b u t it m ust be rem em bered as well th at jobs were scarce in the m id-1930s. In D ecem ber Jaeger received a cable confirm ing the appoin tm en t and he and Sylvia set out late th at m onth for A ustralia, sailing in S.S. M oldavia from M arseilles to B urnie in o rd er to take up the app o in tm en t by 15 F eb ru ary 1936.
'Thus in H ob art in 1936 Jaeger joined Professor E. J. G. P itm an to make up the staff of two who co n stitu ted the whole M athem atics D ep artm en t of the U niversity of 'Tasmania until the postw ar years. Jaeg er's arrival in H o b art also began a close association w ith T asm ania w hich continued, despite the later years away in Sydney and C anberra, for the rest of his life.
'The Jaegers at first lived next door to the P itm ans in D avey S treet, H obart, and shared social life w ith them , including games of tennis. H ow ever, the relationship betw een P itm an and Jaeger never becam e a close one, even though they shared the same office until the postw ar years. Each spent such tim e at the university as was necessary for teaching or adm inistration b u t otherw ise generally w orked at hom e, and there was very httle com m unication betw een them about their own researches. Pitm an recalls th at 'they got on well by not w orrying each o th e r' and th at he was even unaw are th at Jaeger was w ritin g a book at one tim e w hen he was w orking on one. T o th eir co n tem p o raries the relations betw een P itm an and Jaeger appeared to be rath e r d istan t, especially in Ja e g e r's later years at U n iv ersity of T asm an ia, b u t the tw o m en had a high professional respect for each o th er and rem ained in touch after Jaeger m oved to C an b erra, w here on at least one occasion P itm an stayed w ith Jaeger w hen visiting th ere, and th ere w ere o th er contacts.
In the p rew ar years, P itm an and Jaeger shared the w hole teaching of b o th p u re and applied m ath em atics and co m plem ented each o th er very well. P itm an recalls th at they each gave som e 16 lectures p er week. Jaeger enjoyed teaching and his lectures w ere p o pular. A lthough he m ainly ta u g h t applied m athem atics in the advanced years, he gave th e lectures in first year pure m athem atics. H ow ever, he regarded the latter very m uch as p u re m athem atics for engineers and p resen ted it w ith th e aid of m any exam ples. As will be enlarged upon later, he is rem em b ered by his form er stu d en ts as an excellent lectu rer and teacher.
A fter settling dow n in H o b art, Jaeger co n tin u ed w ith some of his interests in q u an tu m m echanics and p u b lish ed a few short notes and p apers follow ing up his C am b rid g e w ork (6-9, 23, 33), b u t he stated at th e tim e of his ap p o in tm en t to a chair in 1950 th at his w ork was p u rsu ed 'w ith difficulty and m uch of it was never p u b lish ed because of the w ar'. H ow ever, after retu rn in g to A ustralia, Jaeg er's links w ith Carslaw , although never broken d u rin g the C am bridge years, becam e closer and th ere began the fam ous collaboration on operational m ethods in applied m athem atics and on the m athem atical theory of the conduction of heat. B eginning w ith a jo in t pap er (10) w ith C arslaw in 1938, a rem arkable u p surge in Jaeg er's o u tp u t occurred, setting a p attern for the rem ain d er of his career. W e m u st therefore now consider the connection w ith C arslaw m ore closely.
Carslaw and Jaeger
In an address at the 1975 celebration of the centenary of C arslaw 's b irth (148), Jaeger paid trib u te to C arslaw in these w ords: 'I, of course, owe m ore than any o th er person to him . H e was the ideal m entor, hum an, kindly, know ledgeable about everything, interested in the problem s and advancem ent of his s tu d e n ts.' C learly Carslaw was the m ost im p o rtan t figure in Jaeg er's professional form ation and w ould seem also to have been a pow erful influence in the developm ent of his personality.
H oratio S cott Carslaw (1870 Carslaw ( -1954 , a Scot by b irth , was educated in G lasgow and C am bridge, w orked for a year u n d er S om m erfeld in G o ttin g en , lectured in m athem atics at G lasgow U niversity for a few years, and becam e Fellow of E m m anuel College, C am bridge, before being appointed to the C hair of P ure and A pplied M athem atics in the U niversity of Sydney in 1903. H e held this post until retirem en t in 1935.
He had m arried in 1907 b u t his wife died w ithin a year of his m arriage and he never rem arried. O ne can speculate that his stu d en ts becam e, in a projected sense, his family and the one to benefit m ost from this was John Jaeger, whose contact w ith Carslaw presum ably began in his first year at the U niversity of Sydney. In his obituary of Carslaw in The Australian M athem atics Teacher (78), Jaeger write-s:
'C arslaw 's attitu d e to all students was one of com bined kindness and firm ness, so that one always knew precisely w here one was. In my first and second years I was told that it was ju st possible that I had m athem atical ability-I was not to get any exaggerated ideas about this, it was ju st possible, b u t only ju s t-and certainly I w ould have to work a great deal h ard er than I was doing. At the end of th ird year, the prospect of a scholarship to C am bridge appeared, and w ith it the touch of the iron hand in the velvet glove: I m ust not com plete my engineering course, b u t m ust do physics h onours-engineering w ould spoil my m athem atics.
'In fourth year I learnt a little from Carslaw of the enorm ous am ount of reading and experim ent w hich goes into the u n d erstan d ing of any branch of m athem atics. H e was w orking on the th ird edition of his Fourier's series and in particular on the A ppendix on the L ebesque integral; for perhaps three m onths he w orked th ro u g h a treatm en t of L. C. Y oung's tract, and four tim es a week he w ould w rite out in front of me his treatm en t of various aspects of this. It was a w onderful education for an im patient youth who felt that he ought to be able to u n derstand anything in a week or two.
'In C am bridge like m any other A ustralian students, including m any who were not m athem aticians, I profited on two of his sabbatical leaves from his habit of taking us w ith him on m otor tours as chauffeur-com panion . . . O n these trips everything was settledyou drove to such and such a place, stayed in the right hotel, were supplied w ith the right books to read, and drove along to the accom panim ent of a continuous series of random rem iniscences of m athem atics and things in general.
'In later years this education in serene living was continued for m any of us w ith visits to his hom e at B urradoo . . . I was fortunate in enjoying w orking in the garden and the wood heap and was m ore valued as an axem an than as a m athem atician. E verything w ent com fortably to rule. . . . T h u s contact w ith Carslaw had been m aintained durin g Jaeg er's C am bridge years and so was readily continued w hen he m oved to T asm ania. Carslaw had by this tim e retired to his country pro p erty at B urradoo, near Bowral in N ew South W ales, w here Jaeger (148) d e scribes him as following 'the leisurely life of an X V III century gentlem an w ith his retainers for garden and farm , visits w ith his neighbours, m athem atics, corresp o n d en ce and b o o k s'. Jaeger visited him th ere from tim e to tim e and clearly found it very congenial. T h ey also carried on a volum inous correspondence, of w hich u n fo rtu n ately only a few of C arslaw 's letters to Jaeger in the 1940s seem to have survived.
T h e active collaboration in m athem atical research th a t began in the prew ar years arose in the context of operational m ethods, a topic m arked w ith co ntroversy since the tim e of H eaviside. Jaeger w rites th at th e ir collaboration dates from C arslaw 's sending him a copy of a m an u scrip t for criticism (148): 'N ow I had been to Jeffreys's lectures and read his book and a good deal else on th e subject b u t was never happy w ith it. I can still rem em b er reading C arslaw 's m an u scrip t and everything s u d denly appeared sim ple-this was the good treatm en t at last. . . . F ro m this tim e, C arslaw and I collaborated extensively and soon decided to w rite o ur ow n b o o k .' T h is was in about 1937 and eventually led to th e ir jo in t book Operational methods in applied , pub lish ed in 1941 (21) w hich 'was intended to show off the paces of the C arslaw m eth o d w ith the m in im u m of theory and the m axim um n u m b e r and range of exam ples. C arslaw was responsible for the " P u re " chapters and th at on conduction of heat. H e rem arked th at " the discerning read e r" w ould be able to decide on the au th o rsh ip of the various ch ap ters by th eir literary style and, in particular, p u n c tu a tio n ' (148).
F ro m 1938 to 1941 C arslaw and Jaeger w rote a n u m b e r of jo in t papers on the application of th e L aplace tran sfo rm atio n m ethod, a p articu lar operational m ethod, to p roblem s in the co n duction of heat (10, 13, 14, 17, 18, 22) . T h is w ork rep resen ts the beginning of Jaeg er's lo n g-continued involvem ent w ith the conduction of heat, an involvem ent th at he thus in h erited from C arslaw w hose publications on the topic date back to 1902. C o n cu rren tly w ith the C arslaw and Jaeger papers, Jaeger also w rote several papers on o th er applications of the Laplace tran sfo rm atio n m ethod (11, 15, 16, 19 ; see also 40, 42 and 55 of a few years later). Jaeg er's ow n w ork on the theory of the conduction of heat continued d u rin g the w ar years and for the rem ain d er of his years in T asm an ia w ith a series of p apers on the solution of specific problem s of practical interest, m aking extensive use of the L aplace tran sfo rm atio n m ethod (20, 24, 25, 29-32, 34, 36, 37, 45, 53, 62, 63) . In m any of these papers num erical results were an im p o rtan t feature, again revealing Jaeg er's skill and perseverance in com p u tatio n using m anual m achines, although by now he had some assistance in this work.
In the later w ar years, the collaborative efforts of Carslaw and Jaeger tapered off, presum ably due to failing health and advancing age on C arslaw 's side and increasing involvem ent in w artim e w ork on Jaeg er's side. T h u s, at the end of the w ar, w hen the task of p reparing a new book based on C arslaw 's Introduction to the mathematical theory of the con duction of heat in solids (1921) was taken up in 1945, it was Jaeger who carried the m ain responsibility. In a letter w ritten to 'M y dear Jaeg er' on 28 July 1945, Carslaw says 'I felt that K .S . [Sisam] should know th at I am really only by courtesy one of the authors of Carslaw and Jaeg er's Conduction of heat. . . . It is tru e th at it is to be a continuation of C arslaw 's Conduction of heat and in that sense it is fitting that my nam e rem ain w ith yours; but, as I have im pressed on you, the w ork will really be yours. . . . I shall be happy to go th ro u g h the finished script and to give my views on changes and so forth, w hen you ask for them . I am ever so glad th at you have taken on the job and th at my old work will live again, thanks to y o u .' T h e new Conduction of heat (51) was published in 1947. F rom 1948 C arslaw 's eyesight began to fail, lim iting his activities, and there seems to have been no fu rth er active m athem atical collaboration w ith Jaeger up to C arslaw 's death in N ovem ber 1954. In a letter to Jaeger on 30 July 1949, Carslaw responds to the receipt from Jaeger of a copy of his ju stpublished A n introduction to the Laplace transformation (56) by saying 'I am greatly pleased w ith it and very m uch touched by the inscription J . C .J . to his M aster H . S . C. T h an k you very m uch for this and also for the joy work w ith you has given me always b u t m ost of all, since 1937 w hen our C and J cooperation sta rte d .'
T he war years
In the perverse way in w hich w ar often enlarges opp o rtu n ities for individuals, W orld W ar II years saw Jaeger involved in a n u m b er of projects of an applied n atu re w hich gave scope to his deeply rooted interest in engineering, rath er neglected since he was diverted at the U niversity of Sydney into the direction of m athem atics and physics. T h e practical projects and consulting connections th at now arose were also to establish som ething of a p attern for the postw ar years. In the earlier years of the w ar, the two m ain problem s th at he becam e involved in were, first, the production of charcoal and, second, the fracture of sandstone rollers used in new sprint production. L ater he transferred to Sydney to work for the Council for Scientific and In d u strial Research (C .S .I.R ., the p red e cessor of C .S .I.R .O .) in applied theoretical work.
T h e scarcity of liquid fuels d u rin g the w ar years had led to the use of gas producers on m otor vehicles, w hich required supplies of suitable charcoal. Research in this area had been initiated by Professor A. L. M cA ulay and others in the U niversity of T asm ania in 1940 or earlier, before M cA ulay becam e involved in the well know n optical m unitions w ork at the university, and laboratory space had been m ade available in the Physics D epartm ent. Jaeg er's participation in the work around 1940-41 was centred on the properties of the charcoal itself and their dependence on the m ethods of production. A part from laboratory work at the university, the project also involved actual p roduction of charcoal in pits in the country. M uch of the latter work was done on 'L o tta h ', near N u b een a on the T asm an P eninsula, th e fam ily p ro p erty of the C larkes, w here P atty C larke, w hom he was to m arry later, had grow n up. W ith the aid of M iss C ynthia M . Jo h n so n (later M rs A lexander) as laboratory assistant and a g ran t from the T asm an ian T ech n ical C om m ittee on Fuels, the w ork led to tw o p u b licatio n s (26, 27), one on the ash co n ten t of charcoal from various T asm an ian tim b ers and the o th er, m ore so p h is ticated, on the internal tem p eratu res attained d u rin g carbonization; he was able to show th a t control of the te m p eratu re history w ith in the piece of w ood th ro u g h control of the size of th e log and of the external te m p e ra tu re was vital in d eterm in in g the size and friability of the pieces of charcoal p roduced , p ro p erties th a t are im p o rtan t in its use in gas p ro d u cers. H e also later did som e w ork on m ethods of m easuring the d u st co n ten t in the gas (28).
W h en the A ustralian N ew sp rin t M ills began operations in Boyer, T asm an ia, in 1941, tro u b le was soon experienced w ith cracking of the g rin d sto n es used, w hich at th at tim e w ere m ade of a n atu ral sandstone. T h ro u g h P rofessor A. B urn, professor of engineering at U n iv ersity of T asm ania, Jaeger was contacted by M r J. L. Som erville, then chief chem ist of the M ills, and asked to study the p roblem since it was th o u g h t to involve the effects of heat p ro d u ctio n in th e g rinding, a m atter th at had n ot previously been w orried about in this connection. Jaeg er's attack on the problem took tw o directions. O n the one hand, he used the theory of the conduction of heat to calculate th e te m p eratu re profile developed in the grin d sto n e in operation and from this calculated th e therm al stresses, and on the o th er hand he co n ducted experim ents on the m echanical p ro p erties of sandstones u n d er the w ater-satu rated conditions (again w ith the aid of M iss C ynthia Johnson). A p art from any rep o rts th at may have been w ritten for the com pany on this w ork, it stim ulated a n u m b e r of papers by Jaeger, both alone and in co au th o rsh ip w ith Som erville, on the general principles; there w ere th ree p apers on the first aspect (36, 38, 39) and one on the second (35). B ut perhaps th e m ost in terestin g feature of this w ork lies in the way it reveals the effective com bination of Jaeger the engineer singling out the essential elem ents of the problem and Jaeger the applied m athem atician dealing w ith the theoretical questions posed. It m ay also be m entioned at this point th at the interaction w ith Som erville and the A ustralian N ew sp rin t M ills co n tin u ed after the war, leading to a fu rth e r paper (57) on the calculation of the m axim um tem p eratu re attained in the wood itself ju st before the rem oval from the log in the g rin d in g process. T h is stu d y involved both a m acroscopic m odel and a discussion of the grinding process on the m icroscopic scale.
C o n cu rren tly w ith the applied w ork ju st m entioned, Jaeger m anaged to keep up as well a flow of m athem atical papers on conduction of heat and o th er topics as m entioned previously. In D ecem ber 1941, he was adm itted to the D .S c. degree by Sydney U niversity for a thesis entitled 'A study of the m athem atical theory of heat co n d u ctio n ', confirm ing his now considerable standing as an applied m athem atician. At this point a new call was m ade upon him .
In O ctober 1942, at the instigation of D r F. W. G. (later Sir Frederick) W hite, head of the C .S .I.R . R adiophysics L aboratory in Sydney, the V ice-C hancellor of the U niversity of T asm ania, Professor M iller, was approached by the chairm an of C .S .I.R ., Sir D avid R ivett, requesting the full-tim e services of Jaeger at the R adiophysics L aboratory for the duration of the war, to engage in 'experim ental and m athem atical researches connected w ith the generation and propagation of radio w aves'. A lthough this w ould leave the entire m athem atics teaching load to Pitm an, the request was agreed to and Jaeger took up duties in Sydney in about January 1943.
At the R adiophysics L aboratory, the centre for radar research and developm ent in A ustralia d u rin g the war, Jaeger was involved in a variety of theoretical problem s. Som e of these, such as the calculation of cu rren ts and potentials in electrical circuits, arose out of eq u ip m en t design and developm ent. H ow ever, Jaeg er's main contrib u tio n s were in the two areas of antenna p attern s and radio wave propagation. H e becam e involved in the wave propagation and absorption work initially th ro u g h W hite, whose responsibilities for ionospheric prediction had com e to include the problem of predicting the lowest usable high frequency for radio transm ission above 2 M H z, a req u irem en t of the arm ed services. Australia in the war of 1939-45 ((4) 5, 540: A ustralian W ar M em orial, C anberra, 1958) also m entioned a 'm athem atical group u n d er D r Jaeg er' as being involved, w ith Paw sey's group, in a study of the anom alous propagation or superrefraction phenom enon (F. J. K err, A ust. jf. Sci. Res. 1948, Al, 433), b u t I have found no evidence that Jaeger him self w orked directly on this problem , and Sir F rederick W h ite's recollection is that Jaeger w orked as an individual at R adiophysics rath er than as leader of a group. H ow ever, Jaeger did w rite two m eteorological papers while at Radiophysics, w hich probably related to the clim atological origins of the superrefraction problem since one of the processes identified as leading to superrefraction was the m ovem ent of nocturnally cooled air out to sea. T h u s Jaeger published one paper (43) on the effect of wind on nocturnal cooling and also p ursued this topic fu rth er after the w ar (69). T h e other paper (40), on diffusion in tu rb u len t flow betw een parallel planes, is related b u t of w ider application.
T h e following R adiophysics technical notes (T .I.) and reports (R .P.) were w ritten in this period: T h e radio wave propagation w ork was su b sequ en tly pub lish ed (52, 54), as well as a short related pap er on diffusion in the ionosphere (41), and a p ap er on sw itching (44) pro b ab ly also arose out of the R adiophysics work. A n o th er w artim e pro b lem in w hich Jaeger becam e involved soon after his tran sfer to R adiophysics was th at of d eterm in in g the tem p eratu re reached in the retina of th e eye w hen looking into the Sun. T h is problem had arisen because eye dam age was being suffered by anti-aircraft g unners attem p tin g to in tercep t dive b o m b ers attacking from the d irec tion of the sun, and it was being studied by D r G. H. Briggs and collaborators of C .S .I.R . N ational S tan d ard s L aboratory, then in the sam e b u ilding as R adiophysics. Briggs arranged for Jaeger to make calculations on the heating of the retina u n d er the solar radiation, taking into account the conduction of heat in the blood-filled tissue of the retina. T h e calculated tem p eratu res w ere consistent w ith values m easured in the eyes of rabbits and m onkeys by J. C. Eccles and J. F lynn ( J . A ust. 1944, 20, 339) , w orking at the K anem atsu In stitu te in Sydney at the tim e. Special goggles w ere th en designed by the C .S .I.R . scientists to give sufficient absorption of the visible and infrared radiation to avoid eye dam age on looking into the sun ( A u stra l in the war o f 271-2: A ustralian W ar M em orial, C an b erra, 1958). Jaeg er's calculations on the heating of the retina were not p ublished b u t in a related paper (68) som ew hat later he refers to them . D u rin g the period in R adiophysics, in spite of his involvem ent in the variety of problem s ju st described, Jaeger m anaged in addition to continue some work on the theory of the conduction of heat and had R ep o rt no. R .P.172 R ep o rt no. R .P.174 R eport no. R .P.184 R ep o rt no. R .P. 185 R eport no. R .P .192 several papers published (36, 37, 45) , as well as the paper (39) on therm al stresses arising out of his earlier work on sandstone rollers m entioned above, and a few short papers (47-50) published after retu rn in g to T asm ania may be assigned to this period. A conspicuous feature of these papers and, indeed, of m ost of the theoretical studies th at he undertook in this period, was the use of Laplace transform ations in solving the differential equations concerned. It was therefore natural th at he should be asked to give a course of lectures on the application of the Laplace transform ation at the N ational S tandards L aboratory in Sydney in 1944. T hese lectures were very well received and are still recalled clearly by people who attended them . T h ey were published in a m im eographed edition (46) by C .S .I.R . in 1946 and subsequently w ent th ro u g h three editions (56) w ith M ethuen.
Back to T asmania: books
In S eptem ber 1944, at P itm a n 's instigation, the U niversity of T a s m ania w rote to C .S .I.R . requesting th at Jaeger be allowed to retu rn to the university w here he was badly needed because of the teaching load. Conduction o f heat in solids (51) was w ritten w ithin a period of not m ore than a year, m ainly by Jaeger him self as previously noted. O f course, a fram ew ork existed in C arslaw 's earlier book, and some of the new m aterial had already been w orked th ro u g h in the form of papers in previous years. H ow ever, to com plete the book in this period was an im pressive achievem ent. A considerable am ount of new m aterial was added in the 1959 edition, done entirely by Jaeger after C arslaw 's death in 1954. T h is book represents a sum m ing up of the w ork of bo th Jaeger and Carslaw on the m athem atical theory of the conduction of heat in solids. It rem ains the classical source to this day and is the work th ro u g h w hich Jaeger's nam e is m ost widely know n.
A n introduction to the Laplace transformation (56), published in 1959 as a M ethuen M onograph, was essentially the same as the m im eographed edition of Jaeg er's 1944 lectures already m entioned. It w ent th ro u g h two fu rth er editions, the th ird being rew orked by G. H. N ew stead.
T h e th ird book of this period, A n introduction to applied mathematics (66), p u b lish ed in 1951, was an entirely new book, derived from Jaeg er's lectures at the U niv ersity of T asm an ia. It was com pleted d u rin g a sabbatical leave in 1949-50. T h e Jaegerean philosophy un d erly in g it was well expressed on the d u st jacket as follow's: 'T h is u n d erg rad u ate textbook is concerned m ainly w ith the m eans of applying m athem atics (particularly differential equations) to the study of physical and en g in eer ing problem s. It is in ten d ed as a course w hich is m ore in terestin g and useful to stu d en ts of engineering and physics than those usually followed by specialist m athem aticians b u t w hich is not inferior in developing m athem atical te c h n iq u e .' It was sufficiently successful to be rep rin ted several tim es and a second edition was later p rep ared by A. M . Starfield.
A t the beginning of' 1948, the U n iv ersity of T asm an ia was again approached by C .S .I.R ., this tim e w'ith a request th at Jaeger be allowed to w ork p art-tim e w ith C .S .I.R ., visiting from tim e to tim e in vacations, especially to the D ivision of R adiophysics. T h is w-as agreed to and led to Ja e g e r's involvem ent in several areas, including the propagation of radio waves in the solar corona, the n atu re of the M o o n 's surface, and the design req u irem en ts for electronic com puters.
In the postw ar dram atic expansion in radioastronom y, radio em ission from the S un cam e u n d er close study. Jaeger, w ith experience already in problem s of the prop ag atio n of radio waves in the E a rth 's ionosphere, was draw n into this w ork by D r E. G . Bowen, then chief of R adiophysics, who encouraged a collaboration w ith D r K. C. W estfold. T h e first Jaeger and W estfold study (59) was concerned w ith the p ro d u ctio n of tran sien t oscillations resulting from a su d d en d istu rb an ce in an ionized m edium such as the S u n 's atm osphere. T h e second pap er (60) dealt w ith the propagation of radio waves th ro u g h the S u n 's atm osphere, involving considerations very sim ilar to those th a t Jaeger had applied to the E a rth 's ionosphere in the w artim e w ork and giving an explanation of the 'd o u b le h u m p e d ' profile of the observed solar noise bu rsts. A gain, the application of the L aplace tran sfo rm atio n m eth o d played an im p o rtan t p art in the w ork.
A n o th er ex tra-terrestrial p roblem th at Jaeger becam e interested in at this tim e was th at of the n atu re of the M o o n 's surface. It was already know n from the rate at w hich the th erm al radiation from the M o o n 's surface drops off d u rin g an eclipse th at the therm al conductivity of the surface layers m ust be relatively low, and a sim ilar observation applies to the variations from lunar 'd ay ' to 'n ig h t' (the lunation or lunar m onth). J. H . P iddington and H. C. M in n ett in 1949 extended these observations into the m icrow ave range on the tim escale of the lunation. Jaeg er's en try into the subject seem s to have been sparked off by a paper by A. J. W esselink in 1948 on the calculation of the rate of cooling at the M o o n 's surface d u rin g an eclipse or a lunation b u t he was able to use P id d in g to n and M in n e tt's observations. In o rd er to choose reasonable values for the therm al conductivity of a dust w ithout air betw een the particles he approached M r A. F. A. H arp er at N ational S tandards L aboratory, Sydney. T h is led to a jo in t paper in N ature by Jaeger and H arp er (65) in which they concluded that over m ost of the surface of the M oon there was a layer of dust of only about 2 m m thickness, overlying a granular layer sim ilar to pum ic or gravel; a m ore detailed analysis of the question was given later by Jaeger (71, 72, 99) . T h e idea of a layer of dust on the M o o n 's surface was not new (W esselink and P iddington and M in n ett had discussed it) b u t a new precision of analysis was introduced, p erm ittin g the conclusion that the layer was quite th in -a conclusion that becam e very significant some years later w hen the landing of spacecraft on the M oon was being planned.
M ention has already been m ade of Jaeg er's skill in com puting. T h is led in the postw ar years to his involvem ent in the two different directions in com puting m achine developm ent. In these years, he had a small labora tory or w orkshop in the U niversity of T asm ania, possibly the same as that w hich he earlier had the use of for the charcoal work. T h is enabled him to work on devices for analogue com putation (58, 61) and for teaching dem onstrations (64) in his classes. T h e laboratory also becam e som ething of a gathering place for engineering students, some of w hom assisted w ith the work there. O ne in particular, J. D. C larke assisted Jaeger in constructing several analogue m achines. A jo in t paper w ith Clarke (58) describes an integrating device using an ti-aircraft p red icto r parts, and another paper (61) describes a link m echanism m ade w ith C lark 's help. Also an eight-in teg rato r m echanical differential analyser was developed. Professor D. R. H artree evidently visited Jaeger at U niversity of T asm ania around this tim e and w ould have helped to stim ulate Jaeg er's interests in com puter developm ents. O ne of Jaeg er's m achines was used subsequently by Professor A. R. O liver in the E ngineering D ep artm en t, but of course before long the advent of electronic digital com puters displaced its use. In the latter connection, D r T . Pearcy and collaborators d uring the postw ar years were developing an electronic co m p u ter at R adiophysics (C S IR A C , one of the earliest such com puters, later m oved to M elbourne). T h e concepts of a program and of subroutines were being evolved and Pearcy recalls long conversations w ith Jaeger on the requirem ents of a com puter and on w hat was necessary to perform a calculation, which affected the design and procedures of C S IR A C . T h ere was even some discussion at one stage of setting up a m athem atical division of C .S .I.R .O . u n d er Jaeger to include com puting b u t it did not com e to fruition.
D uring the year 1947, Jaeger received two distinguished m edals, the T hom as Ranken Lyle M edal for Physics and M athem atics from the A ustralian N ational Research C ouncil, and the W alter B urfitt Prize from the Royal Society of New S outh W ales. In 1948 he acted as professor of m athem atics during P itm an 's absence on sabbatical leave. T h en he him self took sabbatical leave for ab o u t a year from m id -1949, probably w ith assistance from the B ritish C ouncil. I have found no record of w here he spent this year b u t it seem s th at at least a substantial p art of it was sp en t in C am bridge. T h e w ritin g of the textbook on applied m a th em a t ics, m en tio n ed earlier, was done d u rin g this tim e. Jaeger had been pro m o ted to associate professor in Jan u ary 1949 and was finally a p poin ted Professor of A pplied M ath em atics from July 1950. T h is a p p o in t m ent, how ever, was to be sho rt-liv ed , and a year later he w rote his letter of resignation follow ing ap p o in tm en t to a chair at the new A ustralian N ational U niversity. A lth o u g h he was obviously deeply attached to T asm an ia one can infer from som e rem arks in C arslaw 's letters to him th a t he had not felt alto g eth er settled after the w ar and had been considering o th er posts: 'why do you say you will not get the St J o h n 's Coll. F ellow ship?' (H . S. C. to J .C . J ., 23/3/48); discussion of w h eth er there will be any openings at Sydney U n iv ersity , and reply to a request about a possible fellow ship at St A n d rew 's (28/7/45). T h e A .N .U . ap p o in tm en t was to initiate a new phase in his career.
Before we leave Jaeg er's perio d at the U n iv ersity of T asm an ia some rem arks on his teaching of m athem atics are ap p ro p riate. I have spoken w ith m any people w hom he tau g h t th ere and he is invariably rem em bered for the clarity, the in sp iratio n and the relevance of his teaching in applied m athem atics: 'one of the best lecturers there . . . kept atten tio n and m ade it all real . . . really in terested in exam ples . . . exam ples th at w ere highly practical, w hich was appealing . . . exceptionally good teacher, very clear and good in com m unicating . . . very in terested in s tu d e n ts.' T h is good relationship w ith stu d en ts arose at least in p art out of his own driving interest in the practical application of m athem atics. H e particularly enjoyed the stim ulus of teaching the engineering stu d en ts and I have heard him rem ark regretfully a n u m b er of tim es d u rin g his period at A .N .U . that he m issed the teaching there. H e has also said th at he found the routine of teaching as som ething helpful for co n tin u ity w hen research was not going well. H is practical outlook is well sum m arized in the in tro d u ctio n to his short paper on 'D em o n stratio n ap paratus in the teaching of applied m ath em atics' (64): 'A lthough it is tru e th at m ost stu d en ts can visualize the behaviour of a m echanical system quite well from a p ro p er description or a good draw ing, I find th at all students, and particularly engineers, seem to be greatly stim ulated by an occasional dem onstration related to th eir work. F or some tim e I have been trying to co n stru ct courses in applied m athem atics in w hich all the exam ples studied have obvious practical applications. T h is need not involve any low ering of the stan d ard of the m athem atical work . . .'.
S econd marriage
Jaeg er's friendship w ith M arth a Elizabeth (Patty) Clarke began in his early years in H o b art and developed into his m ost im p o rtan t and enduring personal relationship. Patty was born in T asm ania in 1901 of an old T asm anian family. H er grandfather, a C ongregational parson, had m arried a daughter of H enry H opkins, an early en tre p ren eu r in H obart, whose m ansion S um m erhom e came into Clarke ow nership and later served as a gathering point for the C larke families. P a tty 's father, G eorge Clarke, owned a farm , know n as L ottah, near N ubeena on the T asm an Peninsula, from w hich Patty used to travel by boat to school in H o b art in her childhood. She shared her strong attachm ent to this region w ith John Jaeger and it attracted them back there in retirem ent. In earlier years, during Jaeger's U niversity of T asm ania tim e, P atty already ow ned a property known as F rogm ore deep in the bush near L o ttah w hich she and John used for m any years as a holiday retreat; stories are told of the prim itiveness of life there and of the vicissitudes of tran sp o rtin g such things as fu rn itu re into its nearly inaccessible cottage.
P atty joined the staff of the U niversity of T asm ania as a typist in 1927 and w orked there until her resignation in 1950, being chief clerk from 1943 onw ards. She was an attractive person, very well know n w ithin the university circles, and it was widely acknow ledged th at she effectively ran the university d u rin g the war years w hen the R egistrar was called up. Jaeger presum ably knew her from soon after his arrival in H obart. By 1942, acknow ledgem ent is appearing in his papers of her assistance w ith com putations, and she is a coauthor in two papers on num erical results (32, 53). T h e choice of L ottah for carrying out the charcoal work in the early w ar years also indicates a close friendschip w ith Patty by this tim e. A nd m any years later, in his Carslaw O ration (148), Jaeger recalls her assistance in typing around the same period; he attrib u ted the fact that Carslaw s letters to him were 'so go o d ' as being due to Patty 'who typed our books and m y replies to him and, even in the difficult war years, supplied statio n ery '. In a letter in O ctober 1942, Carslaw refers to 'your I rivate Secretary and says \ ou have been m ost fortunate in having so ardent and keen a w orker and C .H . [ C of deal'.
John and Patty were m arried in H o b art on 24 O ctober 1950 alm ost im m ediately after the dissolution of his previous m arriage was com pleted. D r E. G . Bowen of C .S .I.R .O . D ivision of R adiophysics, on a visit to T asm ania in connection w ith cloud-seeding experim ents at the tim e, acted as best man and arranged a suitable celebration. John C ruickshank, an engineering stu d en t at that tim e, also recalls a m em o r able party w ith John the previous night. John and Patty were at that tim e living in separate halves of an old house in P rospect Place, H obart, which was well know n as the venue of parties and the m eeting place of visitors and students. 1 he house was also notable for its old fu rn itu re and m achinery (a m angle is often m entioned), of w hich they were keen collectors. I hey lived on there until they m oved to C anberra.
I atty brough t to John a feeling of family and of connection with T asm an ia th a t seem s to have had deep m eaning for him . H e is rem em b ered as liking to sit am ong the fam ily in S u m m erh o m e, w ith plenty of ch ild ren around, although his relationship w ith ch ild ren was not a p articu larly easy one and he talked w ith th em as adults. I have heard him rem ark several tim es in later years th at he and P atty m arried too late in life to have ch ild ren , as if he reg retted it, b u t on o th er occasions he seem ed som ew hat in to leran t of ch ildren. P atty was very devoted to him and used to w ork very h ard for him . A fter th e ir m arriage, and d u rin g th e ir years in C anberra, h er energies w ere entirely d irected to his w elfare and the m aintenance of th e ir hom e at Oaks E state, A .C .T .; and he was very attached to her and becam e very d ep en d en t on her. T h e ir interests in co u n try -sty le living and in an tiq u arian p u rsu its w ere shared in a rem arkable degree. T h e y w ere also well know n as generous drinkers; stories are told of the rem arkable stam ina of Jo h n on occasion in the com pany of colleagues. M ost of Jo h n and P a tty 's m arried years w ere spent in C an b erra w here they soon m oved into T h e Oaks in Oaks E state, near Q ueanbeyan, a few kilom etres from C anberra. T h is was a notable early A ustralian stone house, dating from about 1837, w here they w ere able to develop the style of living congenial to th e ir interests. Som e internal m odifications were m ade, largely by Joh n him self, w ho enjoyed such activities as carpentry, and the house was fu rn ish ed w ith very fine an tiq u e fu rn itu re, am ong w hich a fo u r-p o ster bed is particu larly m em orable. T h e in terest in fu rn itu re was perhap s stro n g er w ith P atty, w hile John indulged his passion for old m achinery by accum ulating a rem arkable collection of steam engines and early farm m achinery w hich was a source of m uch interest to visitors. Som e of us of the earlier days of the U n iv ersity well rem em b er the day w hen a new ly acquired steam traction engine was driven u n d er its own steam from H all, th ro u g h the su b u rb s of C anberra, to Oaks E state, w ith Jo h n standing on the footboards supervising and P atty driving the utility beh in d w ith a load of fuel. M any visitors w ere en tertain ed at T h e Oaks and C h ristm as parties w ere held for the entire d ep artm en t w hen it was still relatively small, w ith horse rides for the children. H ow ever, except in th eir first years in C anberra, John and P atty did not take a very active p art in the social life in the U niversity as a w hole, and in later years they en tertain ed less at hom e, becom ing quite reclusive by the tim e of J o h n 's retirem en t.
Canberra and G eophysics
T h e idea of including geophysics as one of the areas of research in physics in the proposed A ustralian N ational U niversity was already discussed by an advisory com m ittee early in 1946, possibly w ith a t m ospheric physics in m ind, b u t they finally decided that the choice of areas should be left to the d irecto r of the research school. G eophysics does not figure in the proposals of Professor M . L. E. (later Sir M ark) O liphant, adviser on physical sciences to the new university after its foundation and subsequently first D irecto r of the R esearch School of Physical Sciences, until he took up residence in C anberra in A ugust 1950. H ow ever, soon after this, O liphant arranged for Professor J. T u zo W ilson of the U niversity of T o ro n to to lead a sem inar at the U niversity on 25-26 S eptem ber 1950 on 'G eophysics: E arth s tru c tu re ' u n d er the auspices of the U n iv ersity 's V isiting Scholar program m e. O lip h a n t's interest in geophysics had arisen th ro u g h contacts w ith E. C. (later Sir P.dward) Bullard, then a professor in T o ro n to , w hose enthusiasm for solid E arth geophysics suggested a sim ilar p u rsu it at A .N .U . In N ovem ber 1950, O liphant obtained from T u zo W ilson a rep o rt on the aspects of geophysics m ost suitable for developm ent in C anberra and he began moves to establish a d ep artm en t of geophysics in the School. Both D. F. M artyn and K. E. Bullen having indicated th at they were not interested in starting geophysics at A .N .U ., O liphant approached Jaeger w hom he had know n from C am bridge days and w hom he knew to have some interest in geophysics thro u g h heat flow work w hich had been started in T asm ania in collaboration w ith G. H. N ew stead and S. W. Carey.
In F ebruary 1951, Jaeger accepted the invitation to the foundation chair of geophysics at the A ustralian N ational U niversity, com m enting that it afforded a 'm agnificent o p p o rtu n ity '. T h ere was criticism of his appointm ent at the tim e on account of his lack of experience in geophysics b u t the choice tu rn ed out to be an inspired one. H is b read th of outlook and ability to penetrate quickly to the essence of fresh subjects soon showed itself as he entered his new field w ith enthusiasm . As preparation, one of his first steps was to attend some of Professor S. W. C arey's geology lectures at the U niversity of T asm ania d u rin g the ensuing year, before he m oved to C anberra in January 1952 to take up the chair.
'The new chair was the first geophysics chair at an A ustralian u n iv er sity. O lip h a n t's view was that the new d ep artm en t should concentrate on one or two topics, w ith the em phasis on the physics as applied to the E arth. O n the other hand, Jaeger felt a broader responsibility in view of the wide range of the subject and the position in A ustralia at the tim e. H ow ever, he accepted th at the scope of the d ep artm en t should be lim ited to the physics of the crust and the interior of the E arth, thus excluding atm ospheric physics from consideration; he also excluded oceanography on account of the expensive n atu re of research in that field, although this was w ith regret and he did dabble around the edge of the subject subsequently in connection w ith the International G eophysical Year. T h u s, the new d ep artm en t was to concentrate on solid E arth geophysics, still a broad field in itself, and Jaeg er's view was that the approach should be closely in teg rated w ith geology, also a subject n o t yet p u rsu ed at A .N .U .
In his inaugural lecture in Ju ly 1953 (73) Jaeger review ed the various aspects of geophysics, p resen tin g th em in the fram ew ork of the tra d i tional divisions of classical physics. H e th en stated th at, in ap p o in tin g a 'm athem atical p h y sicist' to the chair, the U n iv ersity was p u ttin g the em phasis on developing the subject directly from the fun d am en tals (his ow n predilection was to approach th e subject from the applied side b u t O lip h a n t was opposed to any involvem ent in exploration geophysics and T u z o W ilson had recom m ended a laboratory approach). H ence, he explained, since he view ed petrology and crystal physics as the essential fu n d am en tals, his first two ap p o in tm en ts had been in these areas (G . A. Jop lin , A ugust 1952, and M . S. P aterso n , Ju n e 1953). H is own im m ediate in terest was in heat co n d u ctio n , and a com bined field and laboratory stu d y of heat flow in the E arth had been begun in the first year, w ith A. E.
Beck as the first research stu d en t in the d ep artm en t in July 1952. T h is was the state of the d ep artm en t in July 1953. T h e new ap p o in tm en t (E.
Irving, N o v em b er 1954) was in rock m agnetism . T h u s, ap art from the petrological studies, the geophysical topics started up in the first three years w ere geotherm y, rock deform ation and palaeom agnetism . In some u n p u b lish e d retrospective notes w ritten after his retirem en t, Jaeger recalls th at the decision as to w hat subjects to en ter had been 'to some extent a m a tter of o p p o rtu n ism . T h e re are certain core subjects w hich will expand radially into related ones p rovided one has a first class m an at the core . . . I w ished to go into geotherm al studies and rock deform ation. I had a background in geotherm al w ork and could organize it im m ediately and rock d eform ation seem ed th e fu n d am en tal link w ith stru ctu ra l geology. A th ird subject w ith enorm ous possibilities was palaeom agnetism w ith its possibilities of elucidating the p roblem s of continental drift. I was in tro d u ced to the subject of continental d rift by one of its very few cham pions (at the tim e) Professor S. W . C arey .' In these notes he also states 'I began w ith two strongly held b u t rath er controversial opinions: firstly the im portance of the applied side and secondly the im portance of in teg ratin g geology w ith the su b ject'.
In initiating a new bran ch of w ork in the d ep artm en t in the earlier years, Jaeger tried as far as possible to work in it him self at first in o rd er to gain a b etter feel for the subject. G eo th erm y was of course his own special interest, and his w ork in rock m echanics only developed seriously some years later (although he had already o rdered some eq u ip m en t in the first years), b u t he involved him self successively in research in petrology, rock m agnetism and seism ology--in the last two cases before m aking a p p o in t m ents in these subjects. H is petrological interests initially centred around the differentiation of the T asm an ian dolerites and the rock m agnetic m easurem ents w ere related to these, for w hich he set up a sim ple astatic m agnetom eter in a small h u t outside the original G eophysics building.
184

Biographical Memoirs
His involvem ent in seismology arose out of consulting for the Sydney M etropolitan W ater Sewerage and D rainage Board (M .W .B .) and the Snowy M ountains H ydroelectric A uthority (S .M .A .), in the course of which a plan was developed in 1955 to instal a netw ork of seism ographic stations around the M .W .B . dam site at W arragam ba and the S.M .A . works in the Snowy M ountains, as well as a station near C anberra; the records from all stations were to be centrally processed in C anberra. H. A. Doyle was appointed in June 1956 to take charge of this seismological activity. A part from the im m ediate interest in dam -filling effects, the aim was to study the m odern tectonic activity of S o u th -E astern A ustralia.
T h is personal approach to new topics becam e less easy to pursue as the departm ent broadened. G eochem ical activities were introduced w ith the appointm ent of J. F. Lovering in January 1956 as a developm ent of the petrology area, and they were intensified with the app o in tm en t of A. E. Ringwood in N ovem ber 1958, introducing high pressure experim ental petrology. M eanw hile, rock m agnetism was strengthened w ith the ap pointm ent of F. D . Stacey in A pril 1956, and G. de Q. Robin was added to seismology in January 1957, although he only stayed for about a year. T h u s there had been a substantial developm ent of the d ep artm en t by the late 1950s. H owever, it had not been achieved w ithout some conflicts. T h ere were some differences of opinion w ith O liphant about w hether to get into applied fields and there were cut-backs in projected funding from tim e to tim e. O n occasion Jaeger threatened to resign over lack of su p p o rt for new ventures. Such experiences, together w ith his regret at no longer being able to teach, led him seriously to consider retu rn in g to T asm ania to the then-vacant chair of applied m athem atics in the latter p art of 1958. H ow ever, he finally w ithheld his candidature, in p art because he felt that the D epartm ent of G eophysics at A .N .U . was flourishing and th at 'there was a very im portant job to be done h ere'.
T h e early concepts of the d ep artm en t had not been greatly departed from up to the end of the 1950s. However, new geochemical directions were introduced in 1960 and a substantial reorientation of the dep artm en t was to occur in this decade. In discussions w ithin the School in 1959 it was decided that the D ep artm en t of R adiochem istry should be dissolved and its rock dating activity incorporated into the D ep artm en t of G eophysics as p art of a move into the area of geochronology and isotope geology in the latter d epartm ent, and that Jaeger should visit the U .S.A . and Canada for discussions and recruiting in this connection (the creation of a chair or readership had been recom m ended). Jaeger was conscious of the need of rock dating, especially in conjunction w ith the palaeom agnetic work; he therefore agreed to these arrangem ents on condition that the subject be entered into in a w hole-hearted way. T h e new activities came in in 1960 w ith the transfer of H. Berry and J. R. R ichards to the G eophysics staff and an extended visit by J. E vernden from the U n iv er sity of California, Berkeley, and they were strengthened w ith the ap p o in t m ents of W . C om psto n in Jan u ary 1961, and I. M cD ougall in A ugust 1961. T h e geochem ical activities w ere fu rth e r stren g th en ed w ith the ap p o in tm en t of S. R. T ay lo r in Jan u ary 1961, D . H. G reen in A pril 1962 and K. S. H eier in A ugust 1962. G eochem istry was now, if anything, stro n g er than geophysics in the balance of the d ep artm en t and this was recognized in 1964 by renam ing it the D ep artm en t of G eophysics and G eochem istry. W ith the ap p o in tm en t of J. R. C leary in 1965 in seism ology and M . W . M cE lh in n y in 1967 to replace Irving, the m ain staff stru ctu re of the d ep artm en t w hich persisted for the rem ain d er of the decade and into the 1970s was established. T h e high calibre of the work of the d ep artm en t over these years reflects great credit on the rem arkable perspicacity of Jaeger in selecting people.
A n o th er im p o rtan t aspect of Jaeg er's developm ent of his d ep artm en t was the establishing of links and jo in t arrangem ents w ith o th er o r ganizations, notably in seism ology, geochronology, palaeom agnetism and rock m echanics. An early exam ple was the setting up of a line of seismic recording sites in 1956 to take advantage of the nuclear bom b tests at M aralinga for exploring crustal and u p p er m antle stru ctu re, an operation th at p u t heavy dem ands on the technical and m anpow er resources of the fledgling d ep artm en t at the tim e. A sim ilar arran g em en t was m ade to take advantage of a large q u arry blast at the E ucum bene dam site in the Snowy M ountains in 1957. Jaeg er's role in the setting up of a netw ork of seismic stations in the Snow y M o u n tain s to Sydney region and its m o nitoring from C anberra has already been m entioned. H e was later to arrange for the d ep artm en t to take on the responsibility for operating the B ritish seism ic array for nuclear test detection, near T e n n a n t Creek, N o rth ern T e rrito ry , in re tu rn for access to the records (this operating was at first done jo in tly w ith the D ep artm en t of E ngineering Physics and later taken over entirely by G eophysics).
Since the tim e of his ap p o in tm en t Jaeger had m aintained contacts w ith the B ureau of M ineral R esources b u t, except for an arrangem ent for three of their staff to be attached to the d ep artm en t for a period as research stu d en ts in the m id-1950s, the first m ajor collaboration arose in the fields of geochronology and palaeom agnetism from 1961. An agreem ent was m ade w hereby the B ureau co n trib u ted substantially to the cost of eq u ip m en t and m aintained several w orkers in the d ep artm en t so as to provide geochronological and palaeom agnetic services for the Bureau.
In rock m echanics, the outside links came m ainly th ro u g h his co n su lt ing, an activity that very well suited his liking for being involved in applied problem s. T h u s he had an involvem ent over m any years w ith the Snow y M ountains H ydroelectric A uthority, first w ith heat flow m easure m ents and triaxial testing of rocks and then, m ore significantly, w ith in situ m easurem ent of rock stress. In the latter connection, new field procedures were pioneered in conjunction w ith the A uthority and also w ith the C ham ber of M ines in Jo h an n esb u rg d u rin g visits on study leave. T h is work was integrated w ith the rock m echanics research that he was conducting in the departm ent. A sim ilar close relationship betw een the consulting activity and the research of him and his students arose from work with other organizations; apart from the Snowy M ountains and South African connections he at various tim es was consultant to N O R A D , C olorado Springs, U .S .A ., Broken Hill South L im ited at K anm antoo, South A ustralia, C.R .A . at Bougainville, M t Isa M ines at M t Isa, and Bechtel C orporation at the M anapouri hydroelectric project in New Zealand.
An exam ple of Jaeg er's drive in prom oting significant geophysical m easurem ents in the face of considerable financial and adm inistrative hurdles can be seen in his organizing of the drilling of boreholes to aid direct physical and geological m easurem ents in parts of the crust otherw ise inaccessible. A lthough boreholes are often drilled for engineer ing and m ineral prospecting purposes and Jaeger sought access to these w herever possible and appropriate, other holes are required in regions w here no direct econom ic incentive exists for com m ercial drilling and he did not shrink from deploying the considerable funds required in these cases. In this way, holes came to be drilled for research purposes in T asm ania, near the coast in N ew South W ales and, notably, u n d er the auspices of the A ustralian U p p er M antle Project in W estern A ustralia (a traverse of four holes). A fter com pleting the term as D ean, Jaeger rem ained as head of the departm ent until S eptem ber 1971. T h ere were no m ajor developm ents in the stru ctu re of the d epartm ent durin g this tim e, b u t it was a period th at saw a heavy involvem ent in research on lunar sam ples from the A m erican m issions, and also the com pletion in 1969 of the building, later nam ed the 'Jaeger B uilding', which was to house the whole d ep artm en t together for the first tim e since 1956 (an earlier stage had been com pleted in 1965, previous to w hich the d ep artm en t had been spread th ro u g h as m any as five buildings). T h e last two years of this period also saw intense negotiations that were to lead finally to the creation of the Research School of E arth Sciences, noted below. It was also a period w hen Jaeger began to be troubled by illnesses, w hich were affecting his m obility by 1971. H ow ever, 1970 finally saw the recognition w hich probably gave him the greatest satisfaction as th e pinnacle of his career, his election to F ellow ship of the Royal Society. A fter retirin g as head of d ep artm en t, Jaeger stayed on as professor of geophysics until his retirem en t from the U niversity in D ecem ber 1972. H e was then given the title of E m eritu s P rofessor.
D u rin g Jaeg er's years at A .N .U . he served on m any national co m m ittees concerned w ith E arth science and allied fields, notably on the N ational C om m ittee for G eodesy and G eophysics and the N ational C om m ittee for the In tern atio n al G eophysical Y ear (1957/1958) . H e was particularly active in the A cadem y com m ittees on research in ocean ography, em phasizing the glaring inadequacy of the A ustralian effort and attem p tin g to prom ote a m uch greater activity in this field, although the su p p o rt for oceanographic research co n tinued to be m eagre d u rin g his years in C anberra. H e also served on a com m ittee th at was set up in 1966 to review A ntarctic research u n d er the D ep artm en t of E xternal Affairs. H ow ever, the m ost im p o rtan t legacy of his efforts to p rom ote research in the E arth sciences in A ustralia was the R esearch School of E arth Sciences at the A ustralian N ational U niversity.
T h e original intentio n in startin g a d ep artm en t of geophysics w ithin the R esearch School of Physical Sciences had been th at it w ould be a small group w ith a staff of th ree or four, housed w ithin the m ain buildings of the School. H ow ever, difficulties of accom m odation had led alm ost im m ediately to a small separate build in g being con stru cted for the D ep artm en t, giving it the appearance of a degree of independence. T h a t this was to becom e m ore than an appearance was soon foreshadow ed in Jaeg er's plans for developm ent. A lready in Jan u ary 1955 he was w riting to the V ice-C hancellor th at 'it will be ap p aren t th at a m uch larger staff than is usual in a dep artm en t is necessary to cope w ith G eophysics and my hope is that the presen t d ep artm en t m ight be regarded as an em bryo School of E arth Sciences'. T h is seem s to have been the first proposal for a School although in his first year, in Ju n e 1952, he had already w ritten to the V ice-C hancellor about possible collaboration w ith C .S .I.R .O . or the B ureau of M ineral R esources, in these term s: 'A t the present tim e the D ep artm en t of G eophysics is envisaged as a small unit w hich will specialize in one or two branches of the subject. . . . If it is really to cover G eophysics, it will need to have a larger staff and the problem in my m ind is how to get it.' H e raised the issue of a School again in July 1956 in connection w ith capital estim ates, evidently w ith some effect since the site con sultant Professor D. W . W inston w rote to the R egistrar in N ovem ber of that year that, inter a l i a , the p resent Scho suitable for a new School of G eophysics' and for some years the building developm ent on the site was labelled 'E arth Sciences', although this was later changed to 'G eophysics'. T h e issue was pressed fu rth er by Jaeger in 1961 and 1962, w ith a detailed 'Case for a C entre of the E arth Sciences at the A .N .U .', w hen it was taken as far as the Board of the In stitu te. Final success came after the reopening of the issue in 1969. Jaeger again pressed the case hard but, w ith his retirem ent im m inent, he now also took the view that the exact arrangem ents in any outcom e were m ore appropriately negotiated by the m em bers of the d ep artm en t who w ould be m ost affected by them . T h e final cam paign was therefore m ainly led by Professor Ringwood w ith the backing of the, by then, large and flourish ing D epartm en t of G eophysics and G eochem istry. T h e inauguration of the Research School of E arth Sciences in July 1973, ju st after Jaeg er's retirem ent, thus represented the culm ination of a persistent effort carried on by him for two decades to build up a m ajor centre of the E arth sciences.
Personal research at A .N .U .
A lthough he m oved into new fields at A .N .U ., Jaeger retained his involvem ent in the theory of heat conduction and it continued to occupy him a good deal until well into the 1960s, being represented in at least one half of the papers w hich he published in the first ten years in C anberra. Also in this period he did the extensive revision of Conduction of heat in solids published as the second edition in 1959. H owever, heat conduction becam e increasingly an adjunct to his geophysical interests and the C anberra papers tend to be m ore concerned w ith applications than w ith new solutions. T h ere were two m ain them es, firstly, problem s in transient heating and, secondly, the study of problem s w ith cylindrical geom etry, especially involving boundary conditions at an internal cylind rical surface. In addition there were a n u m b er of papers on heat conduction or diffusion w here com plicated shapes were concerned, m ainly in connection w ith the cooling of intrusive igneous bodies, m entioned later, and there were several excursions into physiology.
T h e treatm ents of transient heating were particularly concerned w ith applications to such problem s as the tem peratures developed in rotating anode X -ray generators and the frictional heating at sliding contacts (67, (69) (70) (71) . T h ey included cases of pulsed or periodic heating and so were also applied to the diurnal heating of the E a rth 's surface, and to the lunar problem m entioned earlier (70, 72). T h e papers on problem s with cylindrical geom etry dealt w ith three types of applications, all deriving from the basic theory, set out in the 1956 papers (81, 82) . O ne of the applications was to the transient heating of electrical cables (91). T h en there were a n u m b er of papers concerned w ith geotherm al problem s, such as the use of cylindrical probes in boreholes for the determ ination situ of the therm al conductivity of rocks, and the analogous hydrological problem of draw -dow n of wells (97, 98, 101, 110, 119, 122) . A nd finally there was the application to m ine ventilation (113, 126), a topic that Jaeger becam e involved in w ith b o th the B roken H ill and the S outh A frican m ines.
Since the differential equation governing diffusion is identical w ith th at for heat conduction, the m athem atics developed for the latter applies equally to the form er. Jaeger therefore on occasion becam e involved in applications to diffusion problem s. In this connection, he was draw n into the theory of diffusion in a physiological problem by Professor J. C. (later Sir John) Eccles w ith w hom he w rote a pap er on the diffusion of tra n sm itte r substance in the ju n c tio n regions of nerve cells (90). T h is w ork led on to tw o fu rth e r papers on diffusion in physiology, including m ore com plicated geom etries (103, 123) . H eat conduction itself in biological tissue was dealt w ith in an earlier paper in w hich the effect of blood flow was taken into account (68); this pap er covered sim ilar g ro u n d to his u n p u b lish ed w artim e w ork on the heating of the eye by infrared radiation, already m entioned. Finally, th ere was a fu rth er pap er of some relevance to physiological research w hich dealt w ith tem p eratu re d istri b utio n w here a highly con d u ctin g wire is in contact w ith a poorly conducting mass, of p articu lar application w here therm ocouples are used to determ ine tem p eratu res in biological tissue (75). Jaeg er's en try into actual geophysical research at A .N .U . was w ith the m easurem ent of the geotherm al flux, th at is, the rate of heat flow from the E a rth 's interior to its surface. T h is subject continued to involve him th ro u g h o u t his period in C an b erra and into his retirem en t, and his influence extended fu rth e r th ro u g h a series of stu d en ts who w orked w ith him on it: A. E. Beck, L. E. H ow ard, J. H . Sass and R. D. H y ndm an. It represents his m ost im p o rtan t direct co n trib u tio n to geophysical research, covering the m ethodology of the subject, the d eterm in atio n of the regional heat flow p attern itself, and its in terp retatio n .
T h e d eterm ination of the geotherm al flux involves two m easurem ents, firstly of the vertical tem p eratu re g radient at a given locality, usually m ade in a borehole or a tun n el, and secondly of the therm al conductivity of the rock in w hich the tem p eratu re g rad ient exists, usually m ade on d rill-core taken from the borehole. In the first connection, Jaeger gave careful attention to the question of how long one should wait after drilling for the p ertu rb in g effect of the drilling itself to decay before m aking the tem p eratu re m easurem ents, particularly taking into account the cir culation of drilling fluid in the hole (110). C orrections for topography and clim atic history were also w orked out and the question of how deep a hole should be was considered (114, 122) . In connection w ith the d e te r m ination of therm al conductivity, Jaeger m ade a p articular study of tran sien t heat-source m ethods, suggested by his theoretical work on heat conduction. W ith various collaborators, probably beginning w ith a visitor in the departm en t, J. H. Blackwell, he studied both laboratory and in situ techniques involving tran sien t heat sources (81, 83, 97, 101, 119, 122) . H ow ever, despite the elegant theoretical basis for these m ethods,
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Biographical Memoirs practical difficulties (prim arily the problem s of achieving satisfactory therm al contact and tolerable levels of undetected heat loss) proved to be such that, rather than replacing the conventional steady state divided bar m ethod (76), they are only used in special cases as an adjunct. B ut the study did have indirect benefits in im proving the know ledge of w ater m ovem ent in boreholes, a topic w hich is of some engineering interest (84).
T h e early discovery of relatively high heat flow in T asm ania and in the Snowy M ountains of New South W ales and then of low -to-norm al heat flow in the Precam brian shield of W estern A ustralia stim ulated efforts to gain as wide a coverage of m easurem ents as possible th ro u g h o u t the continent, an effort th at continued in later years especially th ro u g h a jo in t program m e w ith the U .S . Geological Survey u n d er Jaeg er's form er student Sass in the late 1960s and early 1970s. P ublished results that included Jaeg er's authorship (108, 114, 129, 138, 141) ' (J. Geol. Soc. Aust. 1977, 24, 439-445) and in J. H. Sass and A. H. L achenbruch, 'T h erm al regim e of the A ustralian continental c ru st ' (pp. 301-351 in The E arth: its origin, structure and evolution (ed. M . W. M cE lhinny). L ondon: Academ ic Press, 1979) . T h e outcom e has been to delineate three broadly distinct regions in respect of heat flow; one is a region of high heat flow trending roughly from the N o rth ern T errito ry to S ou th -E astern A ustralia, and it separates the other two, the W estern and N o rth -E astern regions, w hich are of relatively low heat flow.
As regional variations in heat flow began to em erge, Jaeger becam e aware that their interpretation w ould involve taking into account the near-surface radioactive heat production. He therefore sought the co operation of various people (especially K. S. H eier and I. B. L am bert) to m easure the radioactivity of representative granitic and m etam orphic rocks by the use of y-ray spectroscopy. C orrelation of these m easure m ents w ith heat flow m easurem ents supported the idea that the heat of radiogenic origin was m ainly generated in a shallow layer of a few kilom etres in the crust and that, in a given region, the variation in heat flux can be related to the variation in concentration of radioactivity in this layer (131, 141) . A sum m ary of this and later work on the relation of A ustralian heat flow figures to radiom etric heat production is given in the context of w ork elsew here by Sass and L ach en b ru ch (1979, quoted above) . Ja e g e r's interests in heat flow also led him into various studies concerned w ith igneous in tru sio n s and th eir effects. T h e earlier w ork was on differentiation in dolerite sills, partly in conjunction w ith G . A. Joplin and, later, R. G reen (77, 85, [93] [94] [95] 117) . T h e h eterogeneity of the sills was revealed by various physical observations (m agnetization, su s ceptibility, density), done in p art to d em o n strate the possible co n trib u tio n from sim ple physical m easurem ents. Som e ideas about the short life of settling crystals and about the possible role of the stoping of partly solidified crystalline m ushes gave rise to some healthy controversy at the tim e and in a later review (134) Jaeger ad m itted th at n eith er had 'found favour'. A farth er-reach in g co n trib u tio n , founded in Jaeg er's experience in the theory of heat conduction, com es from a series of papers on the cooling history of intrusive bodies and the therm al effects in their n eig hbourhood (89, 102, 111, 120, 134) . T h ese papers refined and extended the previous theories in this area and paid particu lar atten tio n to the im plications for such m atters as m elting, m etam o rp h ism and argon loss near the contacts and jo in tin g and differentiation w ithin the intrusive body. Finally, Jaeg er's in terest in m agm atic bodies were not confined to theory and laboratory observations on intrusives. H e took the o p p o rtu n ity w henever possible to see field occurrences of both intrusives and extrusives. O n a n u m b er of occasions w hen on study leave he visited volcanic regions and intrusive com plexes (in particular, M au ritiu s-R eu n io n , H aw aii and the Bushveld) in connection w ith colum nar jointing, lava tem p eratu res and solidification p atterns, and differentiation. T h u s in one study leave rep o rt following a trip in 1966 he com m ents that a new lava lake in Haw aii was solidifying as he had predicted.
W ith regard to Jaeg er's o ther geophysical research, his b rief excursion into rock m agnetism (77, 86-88, 92, 95) has already been alluded to in connection w ith the petrological differentiation of dolerite. W hile he was prim arily concerned w ith elucidating the geological history of the bodies concerned, he was also conscious of geophysical aspects, for exam ple, in discussing observations on reversed m agnetization and possible secular variation. He did not him self follow the subject into its palaeom agnetic applications except for taking p art in some of the early discussions in the relative m ovem ent of continents in association w ith Irving. H ow ever, his readiness to espouse the notion of continental d rift at th at tim e, in w hich he was at least partly influenced by Carey, p u t him in the forefront of geophysical thinking in this area (88, 92) . Jaeg er's activity in seismology was m ainly entrepreneurial b u t of considerable significance in connection w ith the early m easurem ents on crustal thickness using nuclear and other large explosions and w ith the establishm ent of the seismic station netw orks, already m entioned. Several publications (95, 108, 137, 139) deal w ith these activities and the significance of results arising from them , both in relation to the seism icity of A ustralia (he had a special interest in its connection w ith geological structure) and to engineering develop m ents. Finally, the installation of long ocean wave recorders for the International G eophysical Year perm itted some observations (107, 109) on the nature of these waves, as well as of the arrival of the tsunam i from the 1960 Chilean earthquake (the only tsunam i detected in four years of recording). Jaeger concluded that it was possible to detect long ocean waves in relatively sheltered h arb o u r sites even though m odification occurs.
T h e fifteen years preceding retirem ent saw yet another phase in Jaeger's scientific orientation, w hen he concentrated m ost strongly on rock m echanics. T h ere had been an incidental interest in rock fracture at one tim e in T asm ania (35), and an intention to enter the field m ore seriously was shown by his purchase of a 500 ton com pression testing m achine soon after taking up his app o in tm en t in C anberra. By this tim e he was already involved in rock m echanics consulting w ith the Snowy M ountains H ydroelectric A uthority and he later attrib u ted his fascina tion w ith rock m echanics as com ing from T . A. Lang, then A ssistant C om m issioner of the A uthority and a great friend. H owever, he did not becom e extensively involved in experim ental rock m echanics until about 1958. From this tim e onw ards he spent considerable tim e in conducting his own experim ents in this field, helped by M r W. M cIn ty re. He later had several research students w orking in the same area (E. H oskins, K. J. Rosengren and B. A. C happell) and collaborated from tim e to tim e w ith South African w orkers (N . G. W . Cook and N. C. G ay), as well as engaging in engineering consulting in rock m echanics. H is work was alm ost entirely concerned w ith the b rittle field of rock behaviour, w ith em phasis generally on the m acroscopic aspects rath er than the study of m icroscopic m echanism s, partly because the latter were not readily accessible w ith the techniques available at the tim e and partly because of his interest in engineering application. In connection w ith the practical application, he obviously enjoyed relating that 'the engineering approach goes back to the architects of the P antheon in Paris who designed the stone colum ns on the basis of tests in a testing m achine w hich they built for the p u rp o se'. O n the developm ent of his interests he writes:
'M y own interest in the subject came from contact w ith the S.M .A .
[Snowy M ountains A uthority] who were concerned w ith problem s of the design and construction of u n d erg ro u n d pow er stations. T h e problem arose of w hat were the stresses around such openings; they were usually calculated on the assum ption of ideal elasticity which was obviously far from correct. I can rem em ber the pleasure w ith which I received T a lo b re 's La mecanique des roches [444 pages. Paris: D unod, 1957] which first set out (for me) the principles that the fundam ental things to study w ere (i) the p ro p erties of jo in ts and (ii) th at the fund am ental b u ild in g blocks w ere the irreg u lar pieces of rock betw een the jo in ts w hich w ould be very irregularly loaded. T h is suggested the im portance of stu d y in g the behav io u r of rocks u n d er com plicated system s of loading rath e r than the conventional tests. M u ch of m y w ork has been directed tow ard the study of the effects of unusual types of loading.' T ypically, his approach involved sim ple b u t perceptively designed experim ents and was m arked by his ex trao rd in ary ability to pen etrate to the fundam ental ord er in the rath e r scattered and com plicated ex p eri m ental results. Broadly one can d istin g u ish th ree areas w hich his work spans: the exploration of various types of laboratory tests, especially in respect to the n atu re of the failures p ro d u ced and the d eterm in atio n of the tensile stren g th of rock; the study of friction at rock interfaces and the extension of this to the behaviour of jo in ted or broken rock; and some aspects of applied rock m echanics such as slope stability and in situ stress m easurem ent.
In the first area, an early pap er on axial sp littin g versus shear failure in triaxial tests at low confining pressure (104) and an im p o rtan t, sem inal paper on shear failure in anisotropic rock (105) preceded a series of papers on a w ide variety of tests com plem entary to the conventional triaxial test, involving punching, p inching-off (B ridgm an), and diam etral loading of solid and hollow specim ens, and including com bination w ith su p erim posed hydrostatic or uniaxial loading (112, 115, 116, 124, 125, 127) . T h e results of such tests w ere com pared w ith those of conventional tests, usually in term s of the C oulom b criterio n of failure and a special study was m ade of the indirect ways of o b taining the tensile stren g th of rock, show ing, for exam ple, th at the Brazilian test (diam etral loading of a solid cylinder) gave reliable results w hereas diam etral loading of hollow cylinders did not (125, 127) . T h e analysis of the pinching-off test was extended to explain the disking of drill core d u rin g drilling of deep holes (115) and some of the earliest observations on the role of the interm ediate principal stress were m ade (125). T h is phase of the work was sum m arized in two adm irable review papers (121, 128) .
In the w ork on friction, there was again careful attention to the m ethods of test and a n u m b er of im p o rtan t observations were m ade, in conjunction w ith several collaborators, on the role of surface finish, on gouge form ation, and on the stick-slip phenom enon (100, 132, 133, 136, 142) . T h is w ork probably had m ore im m ediate scientific im pact than any of the other rock m echanics w ork and it established Jaeger as one of the principal authorities on friction in rock at the tim e. T h is position was reinforced by his R ankine lecture to the B ritish G eotechnical Society in w hich a com prehensive survey of know ledge on friction in rock was given (143). T h e friction work was related to the study of jo in ted rock, both directly through the study of friction in natural joints and indirectly, in its role in the m ovem ent on jo ints in the deform ation of jo in ted rock. Studies on the latter topic involved the m odelling of interlocking jo ints by the use of therm ally disaggregated m arble (133), the direct triaxial testing of large cylinders of closely jo in ted rock from Bougainville and M t Isa (140), and the study of granular m aterial u nder confinem ent (144-147). Jaeger also supervised a student, B. C happell, who w orked on photoelastic m odels of jointed rock b u t was not involved in any publications w ith him. At the same tim e Jaeger was interested in the application of studies on jointed rock to practical design problem s, also dealt w ith in his Rankine lecture (143).
In no area did Jaeg er's interest in engineering applications find fuller expression than in his consulting work in rock m echanics and its integration w ith his experim ental work. Early contact w ith design problem s in the Snowy M ountains project and in the South African m ines (74) fired his interest and some of the first triaxial tests done in the C anberra laboratory were on granitic gneiss sam ples from the first underground pow er station excavation in the Snowy M ountains (the present w riter was draw n into doing these in about 1954). T h e Snowy M ountains H ydroelectric A uthority soon developed their own testing facilities but Jaeger retained a strong connection w ith their rock m ech anics and engineering geology work, especially thro u g h T . A. Lang and D. M oye, and he participated particularly in the developm ent of techniques of in situ stress m easurem ent, both there, w here the SM A had developed their own flat jack m ethod, and in South Africa. Only one paper was published on the subject (118) b u t he m ade considerably m ore contribution in consultation and in calibrating particular techniques in his own laboratory so as to check on their reliability, a m atter of some concern, especially in jo in ted rock. T h is and other activities in rock m echanics consulting have already been m entioned (M t Isa, B ougain ville, M anapouri, K anm antoo). Finally, again arising out of practical requirem ents, it may be m entioned that, w ith Rosengren, he also designed a sim ple device for borehole surveying (130).
Jaeger's m ost far-reaching influence in rock m echanics has again'been through books. In 1956 he published E lasticity, fracture and flow in the M ethuen M onograph Series (79). T h is gave a very concise account of the elem ents of the theories of elastic and non-elastic behaviour, w ith which was integrated ju st sufficient of the fundam ental physics of mechanical behaviour to give the reader a reasonably w ell-balanced view. It was a very successful book, well suited for students w ith m inim al m athem atical background and for quick reference, and particularly oriented tow ards geology and engineering. H e significantly enlarged and up-dated it in two subsequent editions in 1962 and 1969. R ather sim ilar m aterial appears in a later, larger book entitled Fundamentals of rock , also p u b lished by M ethuen in 1969 (135) . T h is book was w ritten in collaboration w ith N . G . W. Cook and it contains, in addition to the basic m aterial ju st m entioned, a m ore detailed developm ent of the applications of the theory of elasticity, a m uch fuller account of m echanical testing of rocks in the laboratory and of the n atu re of the b rittle behaviour of rock, and several chapters on in situ stress m easu rem en t and on geological applications. I has becom e a standard textbook in the field and has been revised, largely by Cook, in a second edition in 1976, and again by Cook for a th ird edition in 1979. It was recognized by the aw ard to Jaeger and Cook of the first Rock M echanics A w ard of the A m erican In stitu te of M ining, M etallurgical and P etroleum E ngineers in 1969. In his last tw o years before retirem en t Jaeger w rote a n u m b e r of sections for a large collabo rative w ork, w ith N. G. W . Cook and T . A. Lang, in ten d ed to be an encyclopaedia or handbook of applied rock m echanics, b u t this w ork is still being prepared for publication. He also left some sketched-out chapters for a book on stru ctu ral geology, a project th at seem s to have been in his m ind for m any years b u t w hich never came to fruition.
Retirement
A t the end of 1972, w hen Jaeger retired from A .N .U . at the age of 65, he and P atty left C anberra and retu rn ed to T asm ania. T h ey sold T h e Oaks, together w ith the collection of steam engines and agricultural m achinery, and b oug h t another early stone house at S altw ater River, on the T asm an P eninsula about 100 km from H obart. T h is house had been b u ilt as p art of the convict settlem ent there. It had at one tim e been in P a tty 's fam ily, and was not far from L o ttah w here she had grow n up. It was in a beautiful and tran q u il setting overlooking N orfolk Bay b u t was very rem ote from m ost services. Jaeg er's colleagues deplored the retreat into isolation b u t P atty was very keen to re tu rn to T asm an ia and Jaeger shared its lure although he later adm itted th at he regretted being so cut off from the w orld of scientific affairs.
Back in T asm ania, Jaeger carried on some w riting, m ainly clearing up some collaborative papers, and he kept up some correspondence on heat flow, rock m echanics and his books. H e had intended to prepare a fu rth er edition of H eat conduction in solids b u t m ade little progress on it. In M arch 1975, the U niversity of T asm ania honoured him for his d istin guished career and his long connection w ith th at university by conferring on him the honorary degree of D octor of Science; the citation welcom ed him 'back to the T asm anian scientific and education com m unity, in w hich he played so p ro m in en t a p art d u rin g his previous sojourn in this state'. Jaeger also m ade a few short trip s back to A .N .U . d uring the first year or so of retirem ent. H ow ever, his health soon proved to be a serious im pedim ent to these activities. Jaeg er's health had tro u b led him for a n u m b er of years even before retirem ent. He had had an operation in late 1965 from w hich he was slow to recover and from about 1971 he used a stick for walking. T h ere were some three fu rth er operations in 1971-73 for various reasons, d u rin g one of w hich he suffered a heart attack. T h e n from about 1973 his eyesight began to fail seriously, w hich lim ited his work and m ade correspondence m ore difficult, although he continued to be able to read clear p rin t even in later years. T h e rem oteness of Saltw ater River m ade access to good medical services difficult and added to make his condition m ore m iserable in his last years. It was perhaps in this context that he is reported to have said, replying to an enquiry as to why he had called the house there T hule, that it m eant 'the ultim ate bloody e n d '. In D ecem ber 1974 he w rote 'I co u ld n 't have chosen a worse place than this for being ill in '. H e was persuaded to make a fu rth er visit to C anberra in N ovem ber 1976 in the com pany of Professor G ordon N ew stead b u t declined to com e again in the following year, saying that his sight had deteriorated so th at he could no longer do 'any useful w o rk '.
Patty had rem ained active until July 1978, w hen, now aged 77, she had to be taken to hospital w here she died w ithin about two weeks on 31 July. T h is was a great blow to John who was devastated by her loss, having seem ingly decided that he was to die before her. H e lived on by him self at Saltw ater River in poor health and m iserable circum stances, although helped by visits from P a tty 's nieces, especially M rs C hristine D obner. H ow ever, possibly in desperation because of lack of medical attention, he agreed to move to C anberra in late 1978. H ere he alternated betw een C anberra H ospital and U niversity H ouse, w ith m uch su p p o rt from M r and M rs J. H. (G us) A ngus, until he died on 15 M ay 1979.
Personal qualities
H aving com pleted the narrative of his life and work, it is now tim e to recall in m ore detail the sort of m an that Jaeger was. Physically, he was tall and slim in his youth, b u t his am ple fram e filled out very m uch in his m iddle years and, although in his last years he shed m uch w eight, he is m ainly rem em bered as a very large m an, slightly stooped, w ith large head and receding hair, and aptly described on occasion as a 'large, teddy-bear sort of m a n '. In casual encounter and in the greater p art of his relations w ith his associates he showed a genial personality, w arm although never effusive. H owever, w hen he was busy or preoccupied, he tended to present a rath er gruff front, and at tim es he could be dow nright grum py, b u t his m oods represented a sort of w ithdraw al and were never of a malicious kind; once this external b arrier was overcom e, he was generally easily approachable and accom m odating. A lthough he liked there to be clearcut rules to guide adm inistrative decisions, he was intolerant of unnecessary bureaucracy and organization. F o r exam ple, w hen a student of m ine, seem ingly to ensure being in good grace, asked him w hat hours he should keep in the laboratory, Jaeger replied that it did not m atter and that the less he saw of him the better. Jaeger also had an aversion to the telephone, although he m ade good use of it w hen it suited him ; the telephon e at T h e O aks used to be kept u n d er a m eat-d ish cover.
Jaeger is generally rem em b ered by early associates as being very shy and this was probab ly an u n d erly in g quality affecting his personality th ro u g h o u t his life, although he could appear q u ite o u t-g o in g at tim es. T h e re was, in fact, som ething of a paradoxical co n trast betw een his w idely felt presence on the scientific scene and his retirin g n atu re in the presence of people. H e ten d ed to seem ill at ease w ith his peers and to have easier relationships w ith ju n io r colleagues or su b ordinates. T h e re was an occasional appearance of favouritism in trea tm e n t of staff, w hich in tu rn could involve a d ram atic reversal of fortunes w hen circum stances changed, b u t on the w hole he was fair-m in d ed . W om en played a particularly significant role in his life. L ooking back on w hat one knows of his private life, it w ould appear th a t in his m ore p ro ductive periods th ere was always a w om an w ho played an im p o rtan t p art or on w hom he depended considerably, notably his m o th er in early years and P atty in latter years, and it was also characteristic of him th at he sought out and enjoyed the com pany of w om en.
O f Jaeg er's interests outside science, two im m ediately com e to m ind. T h e first was his passion for cats, w hich seem s to have been w ith him all his life. T h u s there is an early p h o to g rap h of him , still in short pants, holding a cat. H e is rem em b ered as having arrangem ents for cats in his laboratory at U niversity of T asm an ia, and in A .N .U . days and in retirem en t there w ere always large n u m b ers of cats in the Jaeger household. H e also had a considerable collection of books about cats, especially literary w orks such as T . S. E lio t's poem s. T h e second passion was for old m achinery, including steam engines. T h is was p art of a general antiquarian interest, probably also reflected in his earlier interest in archaeology. In his C am bridge and T asm an ian days, he enjoyed w alking as a recreation and he also enjoyed cooking. H is interests in reading tended to be in the n in eteen th century. H e had a particu lar liking for D ickens and also enjoyed such w riters as Byron and W alpole. H e had been fairly strictly b ro u g h t up in the religious observances of his day b u t in later years he had little interest in religion and was cynical about conventional religious ideas. H is political views were largely on the conservative side.
Conclusion
Jaeger clearly em erges as a m ajor figure in A ustralian science, rem ark able for the bread th and m ultifacetedness of his career in teaching, in adm inistration and in research. H e m ade m ajor contrib u tio n s in at least three fields-applied m athem atics, earth science and engineering-not to m ention lesser contrib u tio n s in a n u m b er of o th er fields. F irst he achieved fame as an applied m athem atician, especially th ro u g h his books and his teaching; Conduction o f heat in solids alone w ould have ensured continuing international recognition. T h en he becam e one of the m ajor m oving forces in solid E arth geophysics and geochem istry in A ustralia, founding a school of high international standing and m aking im p o rtan t contributions in geotherm al studies and rock m echanics. In addition, m uch of his research in rock m echanics and his advisory activities in this and other fields m ust be regarded as substantial contrib u tio n s to e n gineering, representing a link to the practical w orld.
Jaeger's scientific w ork was especially notable for its practical or applied aspect. H is brilliance lay not so m uch in the origination of new ideas or insights b u t in the perceptive developm ent and application of existing concepts, both in theoretical and practical directions, and m ainly in the areas of classical physics. In this, he b ro u g h t to bear an ex trao rd i nary intuition for the essence of a problem . A sim ilar intuition served him in his role as adm inistrator, including in the selection of people.
As a person, Jaeger is rem em bered w ith affection and respect by his colleagues and acquaintances, and m any have benefited by his kindly interest. Yet in spite of his wide influence and connections he was rath er shy and retiring and relatively few people were on intim ate term s w ith him . He was at the same tim e conservative and unconventional in his views on life, b u t w ith deep cultural roots. In all, he was a rem arkable and original man. T h e Royal Society gratefully acknowledges the cooperation of the A ustralian A cadem y of Science in allowing this m em oir to be reprinted from Historical records of Australian science.
T h e photograph reproduced was taken by G. A rgent in 1970. 
